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Patterns of species coexistence within ecosystems can 
be shaped by evolutionary processes, environmental 
processes, or a combination of both (Kraft et al. 2015). 
Classic niche theory postulates that coexistence of biota 
is facilitated by resource partitioning (Hutchinson 1961). 
Indeed, the partitioning of limited resources through 
phenotypic differentiation among species commonly 
explains how seemingly similar species can coexist in 
the same ecological community, without one excluding 
the others through competition (Finke and Snyder 2008). 
Alternatively, in other situations environmental pressure(s) 
can override the influence of biotic interactions on resource 
use specialisation (environmental filtering), and the 
phenotypic traits of community members are expected 
to converge (Fowler et al. 2014). In this view, environ-
mental pressures are the dominant forces shaping species 
assembly and the environment operates like a ‘filter’ or 
‘sieve’ that only allows species with certain phenotypic traits 
to persist, whereas species without such traits are excluded 
(Kraft et al. 2015). For example, in Mediterranean climate 
regions where environmental pressures, such as the effects 
of water abstraction on river flows, are notoriously harsh 
in late summer, only species possessing traits that allow 
them to survive these conditions will persist, and environ-
mental forces could override the influence of biotic interac-
tions of fish niche selection and trophic organisation (Gasith 
and Resh 1999). Understanding the processes facilitating 
species coexistence could help in predicting how ongoing 
species reshufflings and declines will impact the functioning 
of ecosystems.
The freshwater fish fauna of the South Africa’s Cape 
Fold Ecoregion (CFE), sensu Abell et al. (2008), is charac-
terised by low diversity (only 42 taxa), and a high level of 
endemism (40 taxa, Ellender et al. 2017). These fishes 
have evolved within a Mediterranean climate region in 
isolated rivers lacking piscivorous fishes and are highly 
susceptible to human-related disturbances, such as 
water abstraction, channel modification, pollution and the 
introduction of non-native fishes (Tweddle et al. 2009). In 
the 2007 Red List assessment, 20 of the 24 endemic taxa 
evaluated were listed as endangered or vulnerable by the 
International Union for Conservation of Nature (IUCN, 
Tweddle et al. 2009). Unfortunately, a long-standing paucity 
of basic biological information, particularly data on the 
feeding biology, habitat requirements and breeding biology 
of species, constrains the development of species-specific 
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conservation and management programmes for many CFE 
freshwater fishes and aquatic ecosystems (Impson et al. 
2001). However, recent research (e.g. Kadye et al. 2016) 
has now started to fill this knowledge gap.
In the current study, a detailed investigation of the diets 
of three small-bodied (adults <150 mm total length (TL)) 
endemic freshwater fish species with a long history of 
coexistence (Chakona et al. 2013) was undertaken in the 
tributaries of the upper Breede River, CFE. These included 
the Breede River redfin Pseudobarbus burchelli (Smith, 
1841), the Cape kurper Sandelia capensis (Cuvier, 1831) 
and the Cape galaxias Galaxias zebratus Castelnau, 
1861. These species represent three genera commonly 
co-occurring in catchments in the CFE (Chakona and 
Swartz 2012). They each have distinct body forms and 
mouth orientations, which presumably are adaptations to 
different feeding habitats and may, therefore, be expected 
to consume non-equivalent diets where they co-occur. 
With their fusiform bodies, small sub-terminal mouths, and 
two pairs of sensory barbels (Chakona and Swartz 2012), 
P. burchelli is adapted for benthic foraging (Chakona and 
Swartz 2013; Shelton et al. 2016). Sandelia capensis has a 
laterally compressed body (Chakona and Swartz 2012), the 
largest gape of the three taxa and is an ambush predator 
(Skelton 2001). Kadye et al. (2016) present some evidence 
for niche partitioning between S. capensis and P. burchelli. 
Galaxias zebratus, the smallest of the three taxa, has a 
slender body form and very small terminal mouth, indica-
tive of its being a drift feeder (McDowall 2006). Given these 
morphological differences and long history of coexistence 
in these streams (Skelton 2001), niche partitioning theory 
predicts that these species would consume non-equivalent 
diets. Alternatively, the harsh summer drought characteris-
tics of Mediterranean climate regions could result in a bottle 
neck of food availability and force species to exploit the 
same food resources and display a high degree of dietary 
overlap. 
In this paper, the resource partitioning predictions were 
tested by comparing the feeding niches of co-occurring 
populations of these three native freshwater fish species in 
three CFE headwater streams using a combination of gut 
contents and stable isotope analysis. 
Methods
Study area
The current study was conducted during summer low 
flow conditions (16 February–19 March 2010) in three 
headwater streams, the Tierkloof, Tierstel and Waaihoek 
in the upper Breede River catchment, CFE (see Figure 
1). Pseudobarbus burchelli density at our sampling sites 
ranged from 9.65 ± 0.79 to 103.00 ± 6.87 100 m–2, S. 
capensis density from 6.09 ± 3.06 to 12.62 ± 0.83 100 m–2 
and G. zebratus density from 0.66 ± 0.17 to 6.83 ± 1.06 
100 m–2 (Shelton et al. 2015b). The study reaches were 
narrow (<4 m wide), shallow (<0.30 m deep) and clear, 
dominated by cobble and boulder substrates, and free from 
the influence of human activities and non-native species. 
The area falls within a Mediterranean climate region with 
warm, dry summers and cool, wet winters, receiving a 
mean annual rainfall of ~800 mm (Steynor et al. 2009). 
Natural vegetation covering the mountains is predominantly 
indigenous Sandstone Fynbos (a diverse assemblage of 
low-growing, fine-leaved, sclerophyllous shrubs), whereas 
riparian vegetation consists of broad-leaved woody indige-
nous species of perennial shrubs and small trees (Mucina 
and Rutherford 2006). The mountains generally comprise 
hard, quartzitic sandstones, and the streams flowing over 
this substratum are acidic, oligotrophic and low in dissolved 
solids (de Moor and Day 2013). All samples were collected 
from a randomly selected a 200 m reach in each stream, 
provided that the reach was accessible.
Data collection
Gut content analysis (GCA) was used to obtain a high 
resolution, summer snapshot of fish diets at the study sites 
(Gelwick and Matthews 2007). Using a 3 m, 3 mm mesh 
seine net, 10–30 individuals of each species were captured 
from each stream (with the exception of G. zebratus in 
the Tierstel Stream where only three individuals could 
be captured), during summer low flow conditions from 
16 February to 19 March 2010. In addition to GCA, which 
provides detailed information about foods recently ingested, 
stable isotope analysis (SIA) was used to obtain a coarser-
resolution, time-integrated measure of fish dietary habits 
(Gelwick and Matthews 2007). 
Samples for SIA were collected from fish tissue, as 
well as from aquatic invertebrates (of which the collector-
gatherers (Cummins et al. 2008) were used to estimate the 
trophic baseline at each site), for examination of fish trophic 
niches. For SIA, a 5 mm diameter plug of dorsal muscle 
tissue was removed from behind the dorsal fin (Clarke et al. 
2005) from a randomly selected subset of the fish collected 
for GCA and frozen for measurement of isotopic values. 
Aquatic invertebrates were collected by disturbing the 
substrate (by kicking and brushing with hands) and holding 
the net (30 × 30 cm square frame, 250 µm mesh size) 
downstream to collect dislodged material. Each sample 
was transferred into a 1–litre plastic bottle containing 
stream water and transported back to a field laboratory and 
processed within 2 hr of collection.
Laboratory procedures
The procedure for fish dissection and gut content examina-
tion followed that described by Gelwick and Matthews 
(2007). All food items present in the guts were removed, 
placed in a petri dish, sorted and identified under a 
dissecting microscope. Initially, gut contents were sorted 
into broad categories, including aquatic invertebrates, 
terrestrial invertebrates, detritus, algae and vertebrates. 
Aquatic invertebrates were further identified to the lowest 
feasible taxonomic level, and terrestrial invertebrates 
identified to order, or class when order could not be distin-
guished. All individuals within a given taxon in each 
stomach were combined, blot-dried for 30 s on filter paper 
and weighed to the nearest 0.0001 g as an estimate of 
the wet weight of that taxon in the fish’s stomach (Hyslop 
1980). Similarly, blotted wet weight was also estimated for 
the non-animal prey categories. 
For SIA, collector-gatherer invertebrates were used for 
setting the isotopic baseline at each site. Ideally, long-lived 
primary consumers, such as grazing snails or filter-feeding 
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mussels would have been used for this purpose (see 
Cabana and Rasmussen 1996; Post 2002), but these taxa 
are absent from the study streams. Collector-gatherers 
were chosen as the baseline, because they were present 
at all sites and generally had the lowest δ15N values of 
the primary consumers (lowest at 4 of the 6 sites), as 
recommended by Anderson and Cabana (2007). Collector-
gatherer invertebrates encountered in this study included 
Baetis spp. and Demoreptus capensis (Ephemeroptera, 
Baetidae), Aprionyx peterseni and Castanophlebia sp. 
(Ephemeroptera, Leptophlebiidae). These collector-
gatherer taxa were separated from the bulk invertebrate 
sample and kept alive for 24 h to ensure clearance of their 
guts (Cucherousset et al. 2007), euthanised and preserved 
by freezing. All fish and invertebrate samples were freeze 
dried for 24 h and then ground to a fine powder using a 
mortar and pestle. Approximately 1 mg of dried fish and 
invertebrates, and approximately 2 mg of algae and POM, 
was packaged in tin cups and analysed for carbon and 
nitrogen isotopic ratios at the University of Cape Town 
Archaeology Department Stable Isotope Laboratory. 
Samples were combusted, and isotope signatures 
measured in a Thermo 1112 Elemental Analyser interfaced 
via a Thermo Conflo II to a Thermo Delta XP Plus stable 
light isotope mass spectrometer. This provided the relative 
carbon (13C and 12C) and nitrogen (15N and 14N) ratios. SIA 
data were presented as the fractional difference between 
samples and known international standard values (‰), 
these being Pee Dee Belemite carbonate (δ13C) and 
atmospheric N2 (δ15N). 
Data analysis
Gut content analysis
The percentage food type by weight (%W), was analysed to 
examine differences in diet composition and niche breadth 
among species, since algae and detritus could not be 
accurately enumerated and their inclusion in the analysis 
could only be performed on a mass basis (Cortés 1997). 
Principal coordinates analysis ordination (PCO, Anderson 
et al. 2008) was used to visualise differences in fish diet 
compositions, and non-parametric permutational MANOVA 
(PERMANOVA, Anderson 2001) then used to test for 
species and site effects. A two-factor PERMANOVA design, 
including ‘species’ as a fixed factor and ‘site’ as a random 
factor, was used to further examine species and site effects 
on diet composition. Because the site effect was signifi-
cant, pairwise one-way PERMANOVAs were performed 
post hoc for each site where the species effect was signif-
icant. All models were run using 999 permutations of the 
residuals under a reduced model, resemblance matrices 
were constructed using Euclidean distance, and analysis 
of similarity percentages (SIMPER) was used to examine 
which diet components contributed the most to interspe-
cific diet dissimilarities. Mean %W of diet components 
collectively contributing to 50% of interspecific diet differ-
ences were compared between species at each site 
using independent sample t-tests on ln(x + 1) transformed 
data. Tests for homogeneity of multivariate dispersions 
(PERMDISP, Anderson et al. 2008) were used to ascertain 
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Figure 1: Map of the upper Breede River catchment showing locations of sampling sites (black stars)
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among species (Correa and Winemiller 2014). The PCO, 
PERMANOVA, SIMPER and PERMDISP routines were 
performed using the PERMANOVA+ add-on (Anderson 
et al. 2008) to PRIMER v6 software (Clarke and Warwick 
2001; Clarke and Gorley 2006). Schoener’s index of dietary 
overlap (Schoener 1968) was estimated for each species 
pair at each site. Schoener’s index was calculated using the 
equation: %overlap = Σ[minimum(Pij, Pik)], where Pij and Pik 
are the mean %W of prey item i in the stomach of species j 
and k, respectively. 
Stable Isotope Analysis
For SIA, a quantitative assessment of differences in fish 
trophic niches was conducted after inter-site differences in 
δ15N and δ13C of basal resources among sampling sites had 
been accounted for (Cabana and Rasmussen 1996; Vander 
Zanden and Rasmussen 1999; Anderson and Cabana 
2007). To achieve this, δ15N was first converted to trophic 
position (TP) for each individual fish using the equation of 







SEAC = SEA × [n - 1n - 2] 
 
where TPfish is the trophic position of a fish, λ is the trophic 
position of the baseline (λ assumed to be 2 for primary con-
sumers), δ15Nfish is the nitrogen isotope signature of the fish, 
δ15Nbaseline is the nitrogen isotope signature of the food base 
(in this case collectors/gatherers) and ∆15n is the estimate 
of the average fractionation of δ15N from one trophic level to 
the next (Vander Zanden and Rasmussen 1999). A value of 
3.4‰ was assigned for ∆15n following Post (2002). Differenc-
es in the δ13C of basal resources among sites were corrected 







SEAC = SEA × [n - 1n - 2] 
 
where δ13Ccorrfish is the corrected δ13C value of each 
individual fish, δ13Cfish represents the δ13C ratio for the 
given fish, δ13CMbaseline is the mean δ13C value of primary 
consumers used as the baseline for calculating trophic 
position (i.e. collector/gatherer invertebrates) and 
δ13CRbaseline is the carbon range (δ13Cmax–δ13Cmin) for the 
same primary consumers.
Trophic niches
Niche width for each fish species was calculated at each 
site using the corrected carbon and nitrogen isotope data. 
Standard ellipse area (SEA) was used as a representa-
tion of the core trophic niche occupied by each species, 
following the methods detailed by Jackson et al. (2011). 
In brief, the standard ellipse for a set of bivariate data 
(in this case TP vs δ13Ccorr corrected isotope space) is 
calculated from its variance and covariance and contains 
approximately 40% of the data (Jackson et al. 2011), 
hence revealing the core niche area that is largely insensi-
tive to sample size fluctuations and extreme values. The 
SEA was then corrected (SEAC) to minimise bias caused 
by small sample sizes by using an (n − 2) correction on 








SEAC = SEA × [n - 1n - 2] 
 
SEAC allowed for graphical representation of the standard 
ellipse area of each fish species’ isotopic composition. Ellipse 
areas were compared among the fish species, both within 
and between sites, in order to assess the amount of trophic 
overlap and to compare niche breadth among species. 
A Bayesian approach (SEAB) was then used to calculate 
credible confidence intervals for the estimated ellipse areas 
(Jackson et al. 2011). The technique calculates 100 000 
posterior iterations for SEAB in order to construct 50, 70 
and 95% confidence intervals around the mean of each 
fish species for each site. All Bayesian ellipse techniques 
were performed using the SIBER (Stable Isotope Bayesian 
Ellipses in R) package (Jackson et al. 2011) implemented in 
R 3.1.4 (R Development Core Team 2016). 
Quantitative comparisons of the amount of variance in the 
trophic niche of each fish species were made by comparing 
dispersion between the corrected isotope values for each 
species. The approach is a modification of that prescribed 
by Bearhop et al. (2004) for assessing differences in 
trophic niche width using variance of stable isotope ratios. 
The PERMDISP routine was used to compare the average 
deviation of corrected isotope points to group centroids in 
Euclidean space for each fish species (Layman et al. 2007; 
Jackson et al. 2012; Newsome et al. 2012), performing the 
test for each site separately. The relevant p-values were 
obtained using permutation of least squares residuals (999 
permutations). Following recent approaches (Zintzen et al. 
2013; Bessa et al. 2014; Polačik et al. 2014; Fleming et al. 
2015), the overall dissimilarity (overlap) of the corrected 
isotopic composition of fish species was also compared 
using PERMANOVA, by testing for differences in the 
location of group centroids (in terms of corrected isotope 
space) between fish species. A two-factor PERMANOVA 
design, including ‘species’ as a fixed factor and ‘site’ as 
a random factor, was used to examine species and site 
effects on bivariate isotopic composition. Since the site 
effect was significant, pairwise one-way PERMANOVAs 
were performed post hoc for each site where the species 
effect was significant. For tests with significant results (α 
= 0.05), additional pairwise comparisons were performed 
to investigate which species combinations differed signifi-
cantly (excluding the Tierstel Stream, where only two 
species were analysed for isotopes and therefore pairwise 
comparisons were not required). Both the PERMDISP and 
PERMANOVA tests were conducted on a resemblance 
matrix constructed using Euclidean distance. For the 
PERMANOVA tests, permutation of residuals under a 
reduced model was used (999 permutations).
Results
Altogether, 33 G. zebratus, 73 S. capensis and 90 
P. burchelli were collected and subjected to GCA, and 
the range of fish lengths analysed was representative of 
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naturally occurring populations in the upper Breede River 
catchment (Shelton et al. 2015b; Shelton et al. 2016). Six 
G. zebratus, 13 S. capensis and 17 P. burchelli had empty 
stomachs and were thus excluded from the analysis, and 
the final sample sizes used in GCA are shown in Table 1. 
Because of the small sample size (n = 3), G. zebratus from 
the Tierstel stream were excluded from the quantitative 
GCA and SIA analyses in this study.
Gut contents
The diets of P. burchelli, S. capensis and G. zebratus were 
all dominated by aquatic invertebrates in all three of the 
study streams (mean %W across all sites ~50%, Table 1). 
Terrestrial invertebrates and detritus contributed moderately 
to fish diets (mean %W: 10–20% across all sites), whereas 
algae were relatively scarce in the diets of all three species 
(mean %W <10% across all sites). Detritus contributed more 
to the diet of P. burchelli (mean ± SE %W: 22.1 ± 4.18) than 
to the diets of G. zebratus (9.22 ± 2.33) and S. capensis 
(10.70 ± 2.28). Vertebrate prey, comprising unidentifiable fish 
and amphibians, were recorded only for S. capensis. 
The PCO ordinations revealed some level of difference 
in diet composition among species in all three streams 
(Figure 2), and the two-way PERMANOVA showed that 
both species (F2, 195 = 3.31, P = 0.019) and site (F3, 195 = 
2.97, P = 0.010) effects on diet composition (by weight, 
%W) were significant. We therefore ran separate one-way 
PERMANOVAs to compare species diets at each site 
separately, and species effects were significant at all 
three sites (Table 2). Pairwise tests showed significant 
differences in diet composition among all species pairs at 
Tierkloof Stream. Orthocladiinae, Chironominae, other 
Diptera, detritus, Ephemeroptera and Acarina contrib-
uted most to the differences between G. zebratus and S. 
capensis diets (Figure 3a). Orthocladiinae (t = 3.27, P = 
0.003) and other Diptera (t = 2.91, P = 0.011) contributed 
significantly more to the diet of G. zebratus than to that of 
S. capensis. Orthocladiinae, detritus, Chironominae, other 
Diptera and Ephemeroptera contributed most to the differ-
ences between G. zebratus and P. burchelli diets (Figure 
3b). Detritus contributed significantly more (t = 2.20, P = 
0.039) to the diet of P. burchelli, whereas Chironominae 
(present in G. zebratus but not P. burchelli guts) and other 
Diptera (t = 2.90, P = 0.002) contributed more to the diet 
of G. zebratus. Detritus, Orthocladiinae, Chironominae, 
Ephemeroptera and algae contributed most to differences 
between S. capensis and P. burchelli diets (Figure 3c). 
Detritus and Orthocladiinae contributed significantly more to 
the diet of P. burchelli, and Chironominae contributed more 
to the diet of S. capensis. 
At Tierstel Stream, there was a significant difference in 
diet composition between and S. capensis vs P. burchelli 
(Table 2). Elmidae, Athripsoides (Trichoptera), detritus, 
Ephemeroptera, Simulium (Diptera), Hymenoptera and 
Orthocladiinae contributed most to differences between 
S. capensis and P. burchelli diets, and detritus (t = 2.01, 
P = 0.042) and Simulium (t = 2.74, P = 0.020) contributed 
significantly more to the diet of P. burchelli than to that of S. 
capensis (Figure 3d). 
At Waaihoek Stream, significant differences in diet 
composition were found for G. zebratus vs P. burchelli, 
and S. capensis vs P. burchelli, but not for G. zebratus 
vs S. capensis species pairs (Table 2). Ephemeroptera, 
algae, detritus and Aprionyx peterseni (Ephemeroptera) 
contributed most to the differences between diets for both 
species pairs. Ephemeroptera contributed significantly more 
to the diet of G. zebratus and S. capensis than to that of 
P. burchelli (t = 2.25, P = 0.032; Figure 3e), while algae 
contributed more to the diet of P. burchelli than to that of S. 
capensis (t = 3.11, P = 0.002; Figure 3f). 
The PERMDISP tests revealed significant species effects 
in at Tierkloof and Waaihoek Streams (Tierkloof: F2, 68 = 
9.11, P = 0.002; Waaihoek: F2, 57 = 4.11, P = 0.047), but not 
Tierstel Stream (F2, 57 = 2.58, P = 0.101), indicating differ-
ences in diet breadths among species at two of the three 
study streams. At Tierkloof Stream, P. burchelli had a signif-
icantly larger diet breadth (mean distance to centroid = 
60.22) than both G. zebratus (mean distance to centroid = 
44.73; t = 3.96, P = 0.003) and S. capensis (mean distance 
to centroid = 56.31; t = 3.18, P = 0.008). At Waaihoek 
Stream, P. burchelli (mean distance to centroid = 61.55) 
had a greater diet breadth than S. capensis (mean distance 
to centroid = 52.41; t = 3.68, P = 0.002). The significant 
PERMDISP results also indicate that associated signifi-
cant PERMANOVA results reported in Table 2 could not be 
ascribed to differences in diet composition alone, but this 
could also be attributable to differences in dispersion of the 
diet data clouds among species. 
Estimates of Schoener’s index of dietary overlap ranged 
between 0.41 and 0.65 for all species pairs, at all three 
streams. Diet overlap was greatest between S. capensis 
and P. burchelli at Tierkloof and Tierstel Streams, with the 
lowest overlap being between G. zebratus and S. capensis 
at Waaihoek Stream, and between G. zebratus and 
P. burchelli at Tierkloof Stream (Figure 4). 
Isotopic niches
The three fish species generally exhibited distinct isotopic 
niches. This is evidenced in Figure 5a by the lack of overlap 
among ellipses (SEAC), which is most pronounced for the 
Tierkloof and Waaihoek Streams. At the Tierstel stream, 
the ellipses for S. capensis and P. burchelli were largely 
overlapping, but they did not show any appreciable overlap 
with G. zebratus. There is considerable variation in the size 
and position of ellipses among the three sites sampled. In 
particular, a large spread in the corrected isotopic niche 
space is observed for the Tierkloof Stream, both in terms 
of variation within and between species (indicated in Figure 
5a by the relatively large spread among points at Tierkloof 
in comparison with the other sites). Although the isotopic 
niches at Tierkloof were larger than for the other sites, the 
distinction in Figure 5a in the size differences of the ellipses 
among species is not entirely clear within each site. The 
boxplots depicting the mean and spread for Bayesian 
estimated ellipse areas (SEAB, Figure 5b) allowed additional 
comparison of the niche sizes (niche breadths) among the 
fish species, both within and between sites. In this regard, 
for the Tierfkloof Stream S. capensis, and particularly 
P. burchelli, occupied relatively large niche breadths in 
comparison with G. zebratus at the same site, as well as in 
comparison with the estimated ellipse areas for fish at the 
Tierstel and Waaihoek Streams. In terms of the latter two 
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Food item



















Acarina 4.48 0.00 0.85 3.53 0.41 0.00 4.82 1.73 0.00
Aeshna 0.00 0.00 0.00 0.00 2.92 0.00 0.00 0.00 0.00
Afronurus 0.00 0.00 0.00 0.00 1.57 12.14 0.00 0.00 0.00
Agapetus 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.05 0.00
Anax 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00
Anisops 0.00 0.00 0.00 0.00 0.00 0.43 0.00 0.00 0.00
Aprionyx peterseni 6.67 0.00 10.70 8.11 5.79 11.74 0.00 0.00 9.68
Atherix 0.00 0.00 0.00 0.00 0.00 0.00 0.26 0.00 0.00
Athripsodes 10.84 0.00 0.00 3.06 8.44 7.36 8.09 4.43 2.18
Baetis 0.00 0.00 0.00 0.00 0.17 0.77 0.00 0.18 0.17
Barbarochthon 
brunneum
0.00 0.00 0.00 5.14 1.58 0.00 0.00 3.70 0.00
Castanophlebia 0.00 0.00 16.67 0.38 0.00 0.00 0.00 0.00 0.00
Cheumatopsyche 0.00 0.00 1.45 0.00 2.21 0.78 0.00 0.04 0.00
Chimarra 0.00 0.00 0.18 0.00 0.04 0.00 0.45 0.00 0.08
Chironominae 12.74 0.00 1.93 17.85 1.62 0.70 0.00 0.39 3.05
Choroterpes 0.00 0.00 0.00 0.00 0.15 0.00 0.00 0.00 0.00
Cloeodes 0.00 0.00 0.00 0.00 0.00 1.68 0.00 0.00 0.00
Corydalidae 0.00 0.00 0.00 0.00 4.46 5.69 0.00 0.00 0.00
Dixa 0.00 0.00 0.12 0.00 0.04 0.00 0.00 0.00 0.00
Dolophilodes 0.00 0.00 0.00 0.00 0.00 0.00 5.74 0.00 0.00
Elmidae 4.31 32.69 5.56 1.65 6.32 3.31 0.65 14.31 11.40
Elporia 0.00 0.00 0.00 0.71 0.00 0.00 0.00 0.00 0.00
Forcipomyia 0.33 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00
Gyrinidae 0.00 0.00 0.00 4.44 0.54 0.00 0.00 0.00 2.97
Hydraenidae 0.00 0.00 0.00 0.49 1.73 0.00 0.00 0.00 0.00
Hydroptila 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.70 0.00
Hydroptilidae spp. 0.00 0.00 0.00 0.00 0.14 0.00 0.00 1.85 0.00
Labiobaetis 0.00 0.00 0.00 0.00 0.19 1.13 0.00 0.00 0.00
Leptocerus 0.00 0.00 0.00 0.00 0.19 0.00 0.00 0.00 0.00
Lestagella penicillata 0.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Lithogloea harrisoni 0.00 1.65 5.56 0.00 2.50 1.37 0.00 0.00 0.00
Microvelia 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.60 0.00
Naucoris 0.00 0.00 0.00 0.00 2.08 0.00 0.00 0.00 0.00
Notogomphus 0.00 0.00 0.00 0.00 0.37 0.00 0.00 0.00 0.00
Orthocladiinae 20.36 5.54 0.48 1.65 4.17 0.00 25.30 2.87 13.32
Orthotrichia 0.09 0.00 0.00 0.01 2.71 0.00 0.00 1.84 0.00
Parecnomia resima 0.00 0.00 0.00 0.64 0.00 0.00 2.04 0.00 0.00
Petroplax 0.00 0.00 0.00 0.00 0.19 0.00 0.91 0.00 0.00
Petrothrincus 0.00 0.00 0.00 0.00 5.54 0.00 0.00 0.00 0.00
Pseudagrion 0.00 0.00 0.00 0.00 0.97 0.00 0.00 0.00 0.00
Ptilodactylidae 0.00 1.65 0.00 0.00 0.04 0.00 0.00 0.00 0.00
Scirtidae 1.39 7.67 0.00 0.01 0.00 0.00 0.00 3.50 0.00
Simulium 3.52 12.88 0.00 0.09 1.18 0.00 1.97 18.43 4.37
Tanypodinae 3.54 0.80 0.00 1.06 2.98 0.00 0.45 0.58 0.00
Total aquatic inverts 68.94 62.88 43.49 48.82 61.25 47.10 50.69 60.19 47.23
Diptera 10.07 4.39 0.12 0.51 0.37 0.14 0.09 0.00 0.59
Trichoptera 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00
Ephemeroptera 11.28 0.00 40.92 7.63 9.19 30.18 8.64 0.00 12.31
Coleoptera 0.00 0.00 0.00 9.11 5.43 2.97 0.00 0.00 0.04
Hymenoptera 2.94 0.00 0.00 5.98 6.25 1.73 3.39 10.04 8.94
Arachnidae 0.00 0.00 0.00 1.36 0.00 1.00 0.00 0.00 0.00
Total terrestrial inverts 24.29 4.39 41.04 24.61 21.24 36.02 12.12 10.05 21.87
Detritus 6.77 32.73 7.83 15.92 5.96 16.36 27.39 29.51 18.05
Algae 0.00 0.00 7.65 3.84 5.72 0.52 9.79 0.25 12.85
Fish and frogs 0.00 0.00 0.00 6.82 7.24 0.00 0.00 0.00 0.00
Table 1: Mean percentage weight (%W) of food items in the guts of Galaxias zebratus, Sandelia capensis and Pseudobarbus burchelli in the 
Tierkloof, Tierstel and Waaihoek Streams. Sample sizes, excluding fish with empty stomachs, are shown in parentheses. Total %W values 
for aquatic invertebrates and terrestrial invertebrates are included.
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streams, there does not appear to be any clear distinction 
in the estimated ellipse areas among species. The SEAB 
mean values were all lower than the SEAC values (Figure 
5b). The trends in niche area size comparisons among the 
fish species were, however, similar to those described for 
the SEAC estimates. Most of the individuals from all three 
species occupied generally similar trophic positions between 
3 and 4, although S. capensis occupied slightly higher 
trophic positions (up to 4.5 trophic levels) than the other two 
species (Figure 5a). Galaxias zebratus individuals generally 
had low muscle tissue δ13Ccorr values in comparison with 
the other two species, as indicated by the cluster of points 
for this species towards the left of the plot in Figure 5a. 
Quantitative comparisons of the multivariate location 
of the corrected isotope values representing each fish 
species mostly confirmed the patterns visualised in Figure 
5. The two-factor PERMANOVA test showed that both 
species (F2, 121 = 1.64, P < 0.001) and site (F3, 121 = 6.37, 
P < 0.001) effects on isotopic composition were signifi-
cant. Site-specific PERMANOVA tests reported significant 
differences in the isotopic composition among species at 
all three sites (Table 3). Pairwise comparisons revealed 
significant differences between all pairs of species, with the 
only exception being for the comparison of S. capensis and 
P. burchelli at Waaihoek (t = 0.44, P = 0.807, Table 3c), 
which mirrors the overlap observed for the corresponding 
ellipses in Figure 5a. Comparisons of multivariate disper-
sion using the PERMDISP routine revealed that the 
variability in isotopic niche space was significantly different 
among species at the Tierkloof Stream (F2,43 = 8.59, P = 
0.001), but not for the Tierstel (F1,28 = 0.94, P = 0.355) or 
Waaihoek (F2,42 = 8.59, P = 0.152) Streams. Using multivar-
iate dispersion as a measure of niche breadth (isotopic 
variability), the PERMDISP results accordingly suggest 
that niche breadth was not significantly different among 
fish species at two of the three sites sampled, whereas at 
the Tierkloof Stream, as also reflected by the non-overlap-
ping spreads in Figure 5b, niche breadth appeared to differ 
among species. In this regard, the ellipse sizes in Figures 
5a and 5b indicate that P. burchelli occupied the widest 
niche in the Tierstel Stream and G. zebratus the narrowest, 
with S. capensis somewhere in-between.
Discussion
Taken together, the results from the gut content and 
stable isotope analyses provide evidence that G. zebratus, 
S. capensis and P. burchelli occupy different trophic niches, 
with some overlap, but that dietary differences among 
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Figure 2: Principal coordinates analysis (PCO) ordination of unaggregated, weight-based gut content composition data of G. zebratus, S. 
capensis and P. burchelli at (a) Tierkloof, (b) Tierstel and (c) Waaihoek Streams. Sample sizes: Tierkloof: 26 P. burchelli, 19 S. capensis, 14 
G. zebratus; Tierstel: 26 P. burchelli, 31 S. capensis, 3 G. zebratus; and Waaihoek: 25 P. burchelli, 10 S. capensis, 10 G. zebratus
Site Source df SS MS F P  Pairwise comparisons t P
(a) Tierkloof Species 2 32 366 16 183 4.84 0.001 G. zebratus vs S. capensis 2.14 0.001
residual 68 227 060 3 339.1   G. zebratus vs P. burchelli 2.22 0.002
total 70 259 430 S. capensis vs P. burchelli 2.22 0.001
(b) Tierstel Species 2 18 393 9 196.6 2.33 0.001 S. capensis vs P. burchelli 1.69 0.001
residual 62 243 810 3 932.4   
total 64 262 210
(c) Waaihoek Species 2 18 320 9 160.1 2.46 0.004 G. zebratus vs S. capensis 1.07 0.307
residual 57 212 170 3 722.3   G. zebratus vs P. burchelli 1.50 0.027
total 59 230 490 S. capensis vs P. burchelli 1.86 0.003
Table 2: PERMANOVA tests examining species effects on weight-based gut content composition data at Tierkloof, Tierstel and Waaihoek 
Streams. A main test was conducted for each site separately (a–c), with pairwise comparisons being reported for each of these sites 
(excluding the Tierstel Stream, because only two species were analysed for this site). All tests were significant at α = 0.05. Significant P 
values are indicated in bold type






























































































































































































































Figure 3: Mean ± SE percentage weight (%W) of food sources contributing most to the overall dissimilarity in gut content composition 
between species pairs in (a-c) Tierkloof Stream, (d) Tierstel Stream and (e-f) Waaihoek Stream, according to SIMPER analyses. Taxa 
shown collectively contributed 50% dissimilarity between those two species. Asterisks indicate significant differences in the contribution of 
diet components collectively contributing 50% dissimilarity in diet between two species, based on independent sample t-tests on ln(x + 1) 
transformed data
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site-specific factors like variation in resource availability. 
These findings are consistent with the niche partitioning 
hypothesis (sensu Hutchinson 1961), which predicts clear 
dietary differences among coexisting species. Moreover, 
these findings are also consistent with the results of a 
recent study that presented evidence for low isotope niche 
overlap between co-occurring P. burchelli and S. capensis 
in the Riviersonderend River (Kadye et al. 2016), a major 
tributary of the lower Breede River. 
The inconsistent ‘species’ effect among sites in both the 
GCA (no significant difference in S. capensis vs G. zebratus 
diet at Waaihoek Stream) and SIA (no significant difference in 
S. capensis vs P. burchelli diet at Waaihoek Stream) results 
implies that these species partition food resources at some 
sites but not others. Variation in factors like environmental 
harshness (Gasith and Resh 1999) and/or resource availa-
bility (Dukowska and Grzybkowska 2014) among sites could 
potentially explain these site-specific effects, and should be 
investigated further to better understand patterns of species 
co-occurrence in CFE headwater streams. This could be 
achieved through examining fish trophic niches along natural 
gradients of productivity and environmental harshness. 
The diet differentiation documented in the current study 
implies that biotic interactions (resource partitioning) are 
more important than environmental selective pressures in 
these streams. This may be somewhat unexpected, given 
that headwater streams in the CFE are notoriously harsh 
environments for aquatic biota. They undergo dramatic 
seasonal fluctuations in thermal and flow regimes (de Moor 
and Day 2013); the water is nutrient-poor, and produc-
tivity low, as a result of their underlying geology (Dallas 
and Day 2007); and the water tends to be acidic, because 
of chemical compounds (polyphenols) released from the 
surrounding vegetation (de Moor and Day 2013). However, 
it would appear that perennial refugia in headwater streams 
in the CFE may not be subjected to the extremes expected 
in other Mediterranean climate regions, thereby facilitating 
resource partitioning found in more benign environments. 
Because neither the existence of limited resources, nor the 
relationships between environmental factors and fish trophic 
characteristics, were explicitly examined in our study, the 
alternative hypothesis of environmental filtering could not 
be quantitatively examined. Furthermore, our data did not 
permit examination of the role of food item partitioning by 
size in the coexistence of these species. 
The taxonomy of the freshwater fishes of the CFE 
is currently under revision, with new species descrip-
tions being published periodically (Ellender et al. 2017). 
The Breede River catchment, in particular, is a hotspot of 
freshwater fish diversity within the CFE (Chakona et al. 
2013). All three genera evaluated in this study are known 
to contain multiple species in the Breede River catchment. 
For example, both G. zebratus and S. capensis were listed 
as Data Deficient in the 2007 IUCN Red List, because they 
were recognised as being species complexes (Tweddle 
et al. 2009) with multiple species being recognised from 
the broader Breede River system (Ellender et al. 2017). 
Identification of these recognised, but undescribed, species 
in the field is challenging. Furthermore, the giant redfin 
Pseudobarbus skeltoni (Chakona and Swartz 2013), which 
is closely related to P. burchelli, was described from the 
Breede River during this study and may occur at one of the 
sites; the Tierkloof (A Chakona, SAIAB, pers. comm. 2018). 
This may have influenced the study’s conclusions regarding 
the diet breadth for P. burchelli at this site. However, this 
study has provided valuable information regarding the diets 
of the three species examined.
Pseudobarbus burchelli diet was composed mostly 
of aquatic invertebrates, supporting the findings of de 
Wet (1990) that P. burchelli is primarily an opportun-
istic predator that focusses on benthic invertebrates, but 
which also consumes other food items, such as algae, 
detritus and terrestrial invertebrates. Recent community-
level studies in the region have shown that P. burchelli 
strongly regulates the abundance of aquatic invertebrates 
in both natural stream (Shelton et al. 2015a) and experi-
mental settings (Shelton et al. 2016). In contrast, some 
studies have concluded that P. burchelli must be primarily 
detritivorous (Esterhuizen 1978; Cambray and Stuart 1985). 
In the current study, detritus contributed more to the diet 
of P. burchelli, particularly that of small individuals, when 
compared with the other two species, and the SIA results 
indicated that P. burchelli had a wider niche breadth relative 
to the other two species, providing some support to the view 
that P. burchelli is more omnivorous than both G. zebratus 
and S. capensis (Cambray and Stuart 1985). 
Compared with P. burchelli, descriptions of the diet 
of S. capensis and G. zebratus are scarce, comprising 
only Lamberth’s (2001) study of 11 G. zebratus and 18 
S. capensis from a single tributary in the upper Breede 
River catchment. Lamberth (2001) found substantial, 
though not quantified, overlap between the diets of these 
two species, with the gut contents of both species predomi-
nantly consisting of aquatic invertebrates, with algae and 
detritus comprising <10% (by volume), and terrestrial 
invertebrates and vertebrates being absent. The current 
study supported the dominance of aquatic invertebrates in 
the guts of these species. In contrast to Lamberth (2001), 
the current study demonstrated that terrestrial invertebrates 
and detritus also contributed notably (%W >20% in some 




















Figure 4: Graphical representations of Schoener’s index of dietary 
overlap between each species pair in each stream
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that algae were present in the guts of both species and 
that S. capensis consumed vertebrate prey. The fact that 
terrestrial invertebrates feature relatively strongly in the diet 
of G. zebratus supports the notion that G. zebratus is an 
invertivorous drift feeder (McDowall 2006). The presence of 
vertebrates (fish and amphibians) in the guts of S. capensis 
lends support to the suggestion that the species is an 
opportunistic predator on vertebrates and invertebrates 
(Skelton 2001), and could explain the somewhat elevated 
trophic position of S. capensis relative to the other two 
species; a result corroborated by Kadye et al. (2016). That 
these three species rely strongly on benthic invertebrate 
prey is consistent with the finding of Shelton et al. (2014b) 
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Figure 5: Stable isotope Bayesian ellipses of isotopic composition of G. zebratus, S. capensis and P. burchelli depicted in (a) corrected 
bivariate isotope space, and (b) as density plots presenting the Bayesian estimates for confidence intervals of standard ellipse areas. Solid 
black circles correspond to the Bayesian estimated means–SEAB, red ‘×’ signs represent the calculated standard ellipse areas corrected 
for small sample size–SEAC, and grey boxes represent confidence intervals of 50%, 75% and 95%. Each data point in plot (a) represents 
an individual fish, coded by colour for species and by symbol type for site. Sample sizes for the SIA were: Tierkloof: 15 P. burchelli, 15 S. 
capensis, 16 G. zebratus; Tierstel: 15 P. burchelli, 13 S. capensis, 3 G. zebratus; and Waaihoek: 13 P. burchelli, 12 S. capensis and 12 G. 
zebratus. Because of this small sample size (n = 3), G. zebratus from the Tierstel stream were excluded from the analysis
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streams where these species are present, than in streams 
where they are absent.
In conclusion, the diets of G. zebratus, S. capensis, 
and P. burchelli were found to be different, with a degree 
of niche overlap. However, resource partitioning among 
sites was not consistent. Variation in resource availability 
or environmental harshness may explain these site-specific 
effects, and should be investigated in future studies. These 
findings suggest that the three species occupy different 
feeding niches in CFE headwater streams, lending support 
to the niche partitioning hypothesis. Additional studies are 
required to explore the alternative hypothesis of limited 
resources in these streams, how environmental pressures 
influence trophic niche characteristics, and whether prey 
size segregation might further facilitate the three species’ 
exploitation of a common prey suite. 
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